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(54) Abstract Title: IHIgh power microwave generator 



(57) The invention relates to a device for generation of 
microwaves comprising a coaxial virtual cathode 
oscillator (1 ) with an outer cylindrical tube forming a 
cathode (2) and connected to a transmission line (8) for 
feeding the cathode (2) with voltage pulses, and an 
inner cylindrical tube, at least partially transparent for 
electrons, forming an anode (3) and connected to a 
transmission device (8) for outputting microwave 
radiation generated by the formation of a virtual 
cathode (4) inside an area enclosed by the anode. 
Through the introduction of a centre conductor (5) 
arranged to coincide with the centre axle (19) for the 
cathode's (2) outer cylindrical tube and in electrical 
connection with the tube a device for generation of 
microwaves is obtained having improved energy 
efficiency and better broadband performance. 
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Device for generation of microwaves 

5 The present invention relates to a device for generation of microwaves comprising a 
coaxial virtual cathode oscillator (vircator) with a rotation symmetrical, outer, 
cylindrical tube around a central axis forming a cathode and connected to a 
transmission line for supplying the cathode with voltage pulses, and an inner 
cylindrical tube, at least partially transparent for electrons, forming an anode and 
10 connected to a transmission device for outputting microwave radiation generated by 
the formation of a virtual cathode inside an area enclosed by the anode. 

Microwave generators of this type can, among other uses, be used to knock out 
electronics using the high peak output that can briefly be generated. 

15 

A device as described in the first paragraph is essentially previously known from US 
4 751 429 and the article "Numerical Simulation Studies of Coaxial Vircators", by 
Hao Shao, Guozhi Liu, Zhimin Song, Yajun Fan, Xiaoxin Song, Northwest Institute 
of Nuclear Technology, P 792-795. 

20 

Microwave sources with virtual cathode oscillators are generally narrow-band and 
have low degrees of efficiency. It is therefore desirable to be able to increase the 
device's degree of energy efficiency and bandwidth. 

25 The purpose of the present invention is to obtain a device for generation of 
microwaves with improved degree of energy efficiency and better broadband 
performance. 

The purpose of the invention is achieved through a device for generation of 
30 microwaves in accordance with the first paragraph wherein the cathode comprises a 
cylindrical centre conductor arranged to coincide with the centre axle for the outer 
cylindrical tube and in electrically conductive connection with the outer cylindrical 
tube. 
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The generated electromagnetic radiation's frequency is primarily determined by the 
relation between the anode and cathode as well as drive voltage to the device. The 
bandwidth of the generated electromagnetic radiation is some few per cent, but there 
are in addition accentuated harmonics in the frequency spectrum that are generated at 
5 even multiples of the fundamental frequency. By introducing the cylindrical centre 
conductor in the centre of the outer cylindrical tube and electrically connecting the 
tube with the centre conductor, a broadband radiation source is created. The generated 
electromagnetic radiation contains partly a component generated by the virtual 
cathode as well as a component with lower frequency content generated by a transient 
10 process in the drive voltage source that feeds the device cathode with voltage pulses. 
The lower frequency component has a wider frequency band width than the higher 
frequency component. 

The cylindrical centre conductor preferably has a circular cylindrical form. This form 
1 5 contributes to a symmetric design. One design proposal has a hollow centre conductor. 
Making the centre conductor hollow reduces both weight and consumption of 
materials without jeopardising device function. 

According to one favourable embodiment of the device, the circular-cylindrical centre 
20 conductor is at least partially surrounded by a dielectric material connected with the 
anode's waveguide for outputting microwave radiation. The dielectric material can 
then be composed of plastic material. Alternatively, the dielectric material can be 
composed of ceramic material. 

25 According to another favourable embodiment of the device the one end of the 

cylindrical centre conductor is electrically and mechanically connected to a central 
part of a first electrically conductive wall arranged on the inside of the cathode's 
cylindrical tube transverse to the longitudinal direction of the tube at a distance from 
the anode's, for the electron's at least partially transparent, tube. By introducing such 

30 a wall the virtual cathode can be strengthened through feedback. 



According to an additional favourable embodiment of the device another electrically 
conductive wall is arranged on the outside of the anode's, for the electron's at least 
partially transparent, tube transverse to the longitudinal direction and at a distance 
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from the cathode cylindrical tube. Introduction of this wall and particularly together 
with a wall in accordance with the design in the previous paragraph strengthens the 
virtual cathode additionally through feedback. 

5 The cylindrical centre conductor can substantially consist of metal, such as 
aluminium, copper, or steel. 

A high voltage generator connected to the cathode's transmission line is suitable for 
feeding the device cathode. A suitable high voltage generator is a Marx generator. 
10 Additionally, the wave guide for output of the microwave radiation is connected to an 
antenna. The antenna can be, for example, a hom antenna. In a proposed embodiment 
the device anode is composed, at least partially, of mesh. As an alternative, the anode 
can partially be composed of a thin foil. 

15 The transmission device for outputting microwave radiation can be shaped in different 
ways. In accordance with a proposed embodiment, the transmission device for 
outputting microwave radiation to a load comprises at least parts of the inner 
cylindrical tube and a dielectric arranged in the inside of the tube. In accordance with 
another proposed design the transmission device for outputting microwave radiation to 

20 a load comprises a waveguide arranged between the anode and the load. Both 

embodiments have been found to be favourable for outputting broadband microwave 
radiation. 

The present invention will be described in more detail below with reference to 
25 appended drawings, in which: 

Figure 1 schematically depicts an example of a known coaxial virtual cathode 
oscillator comprised in a device for generation of microwaves. 

30 Figure 2 schematically depicts a first example of a coaxial virtual cathode oscillator in 
accordance with the present invention comprised in a device for generation of 
microwaves. 



Figure 3 schematically depicts a second example of a coaxial virtual cathode oscillator 
in accordance with the present invention comprised in a device for generation of 
microwaves. 

Figure 4 schematically depicts a more detailed example of a coaxial virtual cathode 
oscillator in accordance with the present invention comprised in a device for 
generation of microwaves. 

Figure 5 schematically in block form depicts a complete device for generation of 
microwaves containing a coaxial virtual cathode oscillator in accordance with the 
present invention. 

The known coaxial virtual cathode oscillator 1 schematically depicted in Figure 1 
contains a cathode 2 in the form an outer cylindrical tube and an anode 3 in the form 
of an inner cylindrical tube. The cathode oscillator is a very simple geometric design 
and is based on a so-called virtual cathode 4 occurring inside of the anode under 
certain conditions. 

Figure 2 depicts on the schematic level a modification of the known coaxial virtual 
cathode oscillator, vircator, for improving efficiency and bandwidth. In accordance 
with this embodiment a centre conductor 5 is arranged to coincide with the centre axle 
(not depicted) for the cathode 2 in the form of an outer cylindrical tube. The centre 
conductor 5 is electrically connected with the cathode 2 and in the embodiment 
depicted in Figure 2 via an electrically conductive structure 6 arranged on the inside of 
the anode's cyhndrical tube and transverse to the tube's longitudinal direction. The 
structure's 6 electrically conductive wall creates feedback that can contribute to 
strengthening the virtual cathode 4. An additional conductive structure 7 in the form 
of an electrically conductive wall is for the same reason, to create feedback, arranged 
on the outside of the tube shaped anode 3 or thereto connected transmission device 8. 
The transmission device 8 is composed of a tube 9 with the end towards the cathode, 
partially transparent, forming the anode 3 and with the other end equipped with a 
dielectric material 10. The dielectric material can as a suggestion be composed of 
ceramic or plastic material. The centre conductor 5 connected to the cathode 2 of the 
device runs in the centre of the tube 9. The transmission device transmits the 
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generated electromagnetic energy to the connected (not depicted) load in the form of, 
for example, an antenna structure. 

Alternatively, the transmission device 8 can be designed with a waveguide between 
5 the anode 3 and the load present that leads the generated electromagnetic energy. 
Figure 3 depicts a schematic embodiment. In it a transmission line is formed by the 
tube 9 and the centre conductor 5. The dielectric 10 in the tube 9 is in this case 
constituted by a vacuum. 

1 0 The coaxial virtual cathode oscillator 1 can be included in a device for generation of 
microwaves depicted in Figure 5 and comprising a high voltage generator 1 1 
connected to the cathode oscillator input and an antenna 12 connected to the cathode 
oscillator output. The antenna can be a hom antenna. 

1 5 The cathode oscillator with peripherals is depicted and described in more detail in 

reference to Figure 4, both regarding design and function. Reference designations that 
correspond to previously described figures have been given the same reference 
designations in Figure 4. As depicted in Figure 4, the anode 3 and the cathode 2 are 
arranged in a vacuum chamber 13 with a connection 14 for a vacuum pump (not 

20 depicted in the figure). A screw joint 15 enables the adjustment of the structure's 6 

distance to the anode 3 through rotation. A corresponding screw joint can be arranged 
for adjustment of the structure's 7 distance to the cathode 2. The anode 3 is equipped 
with a mesh 16 that is partially transparent to free, electrically charged particles. 
Alternatively, the anode can be composed of thin foil. The anode 3 passes to an 

25 outgoing waveguide 17, while the cathode 2 is fed by a transmission line 18. In 

accordance with the depicted embodiment, a hollow centre conductor 5 is arranged to 
coincide with the centre axle 19 for the cathode's 2 cylindrical tube. The centre 
conductor 5 extends at least from the structure 6 through the anode 3 to a transmission 
device 8. 

30 

The cathode oscillator's design is based on so-called virtual cathode that occurs under 
certain conditions. When a voltage pulse with negative potential is fed, for example by 
a Marx generator, via the transmission line 1 8 to the cathode 2, a high electric field 
occurs between the cathode 2 and the anode 3. This causes electrons to be field 



emitted from the cathode material. The electrons accelerate after that toward the anode 
structure and the majority of the electrons will even pass the anode and begin to 
decelerate. If certain conditions are met, a virtual cathode 4 will occur inside the 
anode structure. Because the process is strongly non-linear, the phenomenon that 
causes the microwave radiation to be generated occurs. The more detailed conditions 
for microwave generation are not described here because they are part of the 
competence for expert in the field. Under the correct conditions, very high output is 
generated for a short period with a typical magnitude of 50-100 ns prior to 
shortcircuiting. Generated microwaves are radiated from the cathode oscillator anode 
via the waveguide 1 7 connected to the anode that have essentially the same radius as 
the anode 3. 

Through introduction of the centre conductor 5 a radiation source is achieved with a 
broader bandwidth. To improve generation of electromagnetic energy with broad 
frequency content, the centre conductor's 5 radius is adapted to drive voltage and the 
distance between the anode and the cathode. Adaptation can be performed through 
computation or testing, or both. 

The present invention is not limited to the design examples described above, but can 
be subject to modification within the framework of the subsequent patent claims. 
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Patent claims 

1. Device for generation of microwaves comprising a coaxial virtual cathode 
oscillator with a rotation synmietrical, outer, cylindrical tube around a central axis 

5 forming a cathode and connected to a transmission line for supplying the cathode with 
voltage pulses, and an inner cylindrical tube, at least partially transparent for 
electrons, forming an anode and connected to a transmission device for outputting 
microwave radiation generated by the formation of a virtual cathode inside an area 
enclosed by the anode, wherein the cathode comprises a cylindrical centre conductor 
10 arranged to coincide with the centre axle for the outer cylindrical tube and in 
electrically conductive connection with the outer cylindrical tube. 

2. Device as claimed in Patent Claim 1, wherein the cylindrical centre conductor 
has a circular-cylindrical form. 

15 

3. Device as claimed in Patent Claims 1-2, wherein the circular-cylindrical 
centre conductor is at least partially surrounded by a dielectric material disposed in the 
anode's waveguide for outputting microwave radiation. 

20 4. Device as claimed in Patent Claim 3, wherein the dielectric material is 
composed of a plastic material. 

5. Device as claimed in Patent Claim 3, wherein the dielectric material is 
composed of a ceramic material. 

25 

7. Device as claimed in any of the previous Patent Claims, wherein the one end 
of the cylindrical centre conductor is electrically and mechanically connected to a 
central part of a first electrically conductive wall arranged on the inside of the 
cathode's cylindrical tube transverse to the longitudinal direction of the tube at a 

30 distance from the anode's, for the electron's at least partially transparent, tube. 

8. Device as claimed in any of the previous Patent Claims, wherein another 
electrically conductive wall is arranged on the outside of the anode's, for the 
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electron's at least partially transparent, tube transverse to the longitudinal direction 
and at a distance from the cathode cylindrical tube. 

9. Device as claimed in any of the previous Patent Claims, wherein the 

5 cylindrical centre conductor essentially consists of metal, such as aluminium, copper, 
or steel. 

1 0. Device as claimed in any of the previous Patent Claims, wherein the 
transmission line for feeding the cathode is connected to a high voltage generator. 

10 

11. Device as claimed in Patent Claim 10, wherein the high voltage generator is a 
Marx generator. 

12. Device as claimed in any of the previous Patent Claims, wherein the 

1 5 transmission device for outputting microwave radiation is connected to an antenna. 

13. Device as claimed in Patent Claim 10, wherein the antenna is a hom antenna. 

14. Device as claimed in any of the previous Patent Claims, wherein the anode is 
20 composed, at least partially, of mesh. 

15. Device as claimed in any of the previous Patent Claims, wherein the anode is 
composed, at least partially, of a thin foil. 

25 16. Device as claimed in any of the previous Patent Claims, wherein the 

transmission device for outputting microwave radiation to a load comprises at least 
parts of the inner cylindrical tube as well as a dielectric arranged in the inside of the 
tube. 

30 17. Device as claimed in any of the previous Patent Claims, wherein the 
transmission device for outputting microwave radiation to a load comprises a 
waveguide arranged between the anode and the load. 
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18. Device as claimed in any of the previous Patent Claims, wherein the centre 
conductor is hollow, 

19. Device for generation of microwaves as claimed in Claim 1 substantially as 
5 herein described with reference to the accompanying drawings. 
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(2) and connected to a transmission line (8) for feeding the cathode 
(2) with voltage pulses, and an inner cylindrical tube, at least partially 
transparent for electrons, forming an anode (3) and connected to a 
transmission device (8) for outputting microwave radiation generated 
by the formation of a virtual cathode (4) inside an area enclosed by 
the anode. Through the introduction of a centre conductor (5) 
arranged to coincide with the centre axle (1 9) for the cathode's (2) 
outer cylindrical tube and in electrical connection with the tube a 
device for generation of microwaves is obtained having improved 
energy efficiency and better broadband performance. 
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